Abstract: Police officers may be required to discharge their weapon under physical duress. The purpose of this study was to investigate the relationship between fitness and marksmanship to facilitate future strategies to improve marksmanship. Retrospective data were provided for thirty-four police officers (mean age = 40.48 ± 6.66 years: mean weight = 100.60 ± 19.82 kg: mean height = 180.42 ± 6.87 cm) from a US-based law enforcement agency. Data included four different fitness measures and three different shooting scenarios. No significant relationship was observed between the three different shooting scenarios. There was a significant relationship between shuttle run and static shoot (r = 0.528, p = 0.002), grip strength and the dynamic scenario (r = −0.367, p = 0.035) and leg strength and the positive identification scenario (r = 0.344, p = 0.050). This study demonstrated that a high variety of fitness training and marksmanship practice, under various occupational scenarios, may be required to ensure optimal police shooting accuracy whilst in the field.
Introduction
A career within the police force encompasses two conflicting occupational physical requirements, one of which involves sedentary, desk-bound administrative work, and the other involving physically demanding, field-based manual tasks [1] . These physical tasks can include running, jumping, crawling, balancing, vaulting, climbing, lifting, carrying, pushing, pulling, fighting, dragging and restraining a suspect [2, 3] . Additionally, police officers may be required to attend to situations of high risk that threaten the wellbeing of themselves, their colleagues or the general public [4] . Subsequently, optimizing performance in these situations is of utmost importance.
A factor that could influence an officer's ability to effectively and safely perform their work tasks is their level of fitness [5] . Officers who are physically unfit may be at greater risk of injury, illness and time off work [6] . It is therefore unsurprising that in anticipation of these task-related demands, police recruits are required to undergo preliminary physical training [7] , where there is an emphasis placed on producing police officers who are capable of performing the physically demanding tasks required of them in the workforce [6, 8] . However, despite this emphasis, a significant decline in physical fitness is often seen during their employment, which could negatively impact occupational task performance over time [9] . It is recognised that this decline in physical fitness may be credited to an increase in age [10] , as well as the sedentary nature of this occupation (e.g., shift work, sedentary tasks, etc.) [7] . In addition, there have been differences noted between the sexes, with the average male police officer typically achieving higher fitness levels than the average female officer [10] . Thus, there is a large variation in fitness levels of police officers, which can be influenced by stage of training, duration of career, age and sex.
Police officers may encounter situations with suspects that pose a threat to their safety, or the safety of their co-workers or fellow citizens [4] , as many may be well-equipped with firearms and prepared to use them to avoid arrest [11] . Due to this threat, police officers are increasingly required to wear and carry protective equipment, such as body armour [12, 13] . Body armour can weigh approximately 2.7-3.8 kg, and despite providing a defense from stabbing, blunt trauma and small calibre bullets [12] , it increases the duty load carried by officers to 10 kg [14] . The negative impact that this increase in load can have on occupational duties such as jumping, sprinting [15] and general mobility [13] further accentuates the necessity for officers to be physically fit. Relative duty loads, (i.e., equipment load relative to body weight) should also be considered when comparing the fitness of female and male officers, as females may carry heavier relative duty loads (13.36 ± 2.46% of their body weight) when compared to their male colleagues (11.50 ± 2.24% of their body weight) [14] . This creates an occupational environment where female officers may require a slightly greater strength-to-weight ratio than male officers to account for their higher relative duty load.
During life threatening situations, a police officer may be required to aim and fire a weapon in the line of duty. Failure to perform this task accurately could result in possible harm to the officer, suspect or the general public [3, 16, 17] . Firing a weapon with accuracy may need to be performed under the strenuous physical demands officers may face while carrying their duty loads in unpredictable environments, as mentioned previously. Ito et al. [18] found a strong relationship between fitness levels and marksmanship performance when examining shooting accuracy directly after high intensity running on a treadmill or walking with heavy backpacks (23.3 kg, 35.2 kg, 48.8 kg). The researchers found that shooting accuracy decreased immediately post-exercise; however, the soldiers with a higher physical fitness recovered and returned to optimal shooting performance more quickly. Fatigue from physical exertion resulting in increased postural sway with fatigue and heart rate have also been cited as factors that contribute to decreased shooting performance [19] . Therefore, one may hypothesize that a potential risk factor within the occupation of a law enforcement officer is their fitness level. As such, the purpose of this study was to further investigate the relationship between fitness and marksmanship in order to inform future strategies to improve police officer performance, in regards to shooting while under physical duress.
Materials and Methods
Retrospective data were provided for thirty-three police officers (n = 33: mean age = 40.48 ± 6.66 years: mean weight = 100.60 ± 19.82 kg: mean height = 180.42 ± 6.87 cm: mean BMI of 30.76 ± 4.88 kg/m 2 ) from a US based law enforcement agency, with ethics approval from the University of Colorado, Colorado Springs Institutional Review Board (IRB #15-074) for the Protection of Human Subjects and Bond University.
Age, Height, and Weight
Measured height and body mass: Officers' height (cm) and body mass (kg) were measured shoeless, using a digital scale (Health-O-Meter ® , McCook, IL, USA) and a portable stadiometer (Seca ® , Chino, CA, USA). Height and weight were converted from imperial measures to metric values for analysis. As only one female officer participated in this study, her scores for each item were removed due to the gender differences identified in previous studies [5] to ensure consistency within the results.
The fitness measures that were utilised for this study have been commonly used within the literature for this population [3, 5, 7, [20] [21] [22] . The following is a detailed description for each of the fitness tests that were performed by the officers. Each of these tests was performed in self-selected fitness training attire. Prior to the fitness testing battery, the officers were allowed 5-10 min to perform a self-selected warmup, which consisted of light jogging and callisthenic type movements.
Vertical Jump
Vertical jump (VJ) height was calculated using a 27 in. × 27 in. Just Jump Mat (ProBotics Inc, Huntsville, AL, USA). All officers were instructed to step onto the mat and perform a countermovement arm swing and jump as high as possible. The Just Jump Mat calculates VJ height by measuring the amount of time the feet are not in contact with the mat and uses flight time/contact time to calculate vertical jump height. This device has been validated in previous research [23] , and has been used with a similar protocol in previous research with this population [5] . The best of three allowed attempts were recorded, without rounding, before being converted into metric units.
Isometric Leg/Back Strength
Isometric leg/back strength was measured using an isometric leg/back chain dynamometer (Medico Inc., Phoenix, AZ, USA). As per the protocol used by Dawes et al. [5] in a law enforcement population, the chain connecting the scale on one end and a handle on the other was altered, allowing the officer's knees to be flexed at approximately 120 • . The dynamometer was calibrated to within 0.05 kg prior to use using an industrial portable digital hanging scale. The officers were instructed to pull the handle upward as hard as possible through extension of the hips and knees, while maintaining good spinal posture, straight arms and flat feet on the base of the dynamometer. Officers were allowed a single trial and their score to the nearest pound was recorded. This score was then converted to metric units.
Grip Strength
A handgrip dynamometer (Takei Scientific Instruments, Niigata, Japan) was used to measure dominant grip strength, with the dynamometer being adjusted so that the base of the first metacarpal and the middle four fingers were in contact with the handle. The elbow was fully extended with the hand held at shoulder height. The officers were instructed to squeeze the handle as hard as possible and were allowed one attempt. The score achieved was recorded to the nearest kilogram.
Shuttle Run
As per the 20 m multi-stage fitness test (20 m MSFT) protocol used by Dawes et al. [5] , two lines were marked on the ground exactly 20 m apart. The officers were required to run back and forth between the lines with the speed of the test standardised by pre-recorded auditory beeps. The initial test speed was set at 8.5 km/h and increased by 0.5 km/h at each stage. The test was terminated when the officer was unsuccessful in reaching the next line two consecutive times in accordance to the auditory beep. The shuttle run was scored as the final stage and shuttle (e.g., stage 5.5), with the final scores converted to the total number of shuttles completed.
Static Shooting
To evaluate the officers' baseline shooting accuracy while at rest with no external distractions or duress, officers were instructed to use their issued 0.40 caliber Smith and Wesson handgun to aim and fire at an 8" circle located at the centre-of-mass or on the head of the standard qualification target used by the law enforcement agency (a black silhouette in the shape of an individual's upper body and head) ( Figure 1 ). After loading a magazine to capacity (15 rounds), officers were instructed to stand at the ten-yard line and fire ten rounds towards the target. The officers were allowed to perform the task at their own pace and were not timed or evaluated on any factors other than the accuracy of their shot placement. The event took place in a "dim light" shooting environment inside a law enforcement academy indoor shooting range, with up to ten officers on the firing line performing the task at the same time. Accuracy was scored in accordance with shot impact position on the target, with shots closer to the center of mass or to the head resulting in a score of three points, shots impacting vital areas of the upper body region but outside the centre of mass resulting in two points and shots that struck the extremities resulting in one point. The maximum score possible was 30 points. Final scores were then calculated by dividing the officer's score by the maximum possible score and multiplying the result by 100 to score as a percentage. points. Final scores were then calculated by dividing the officer's score by the maximum possible score and multiplying the result by 100 to score as a percentage. 
Dynamic Scenario
The dynamic scenario was multi-faceted to assess the officers' ability to shoot accurately while under stress, their ability to perceive occupational hazards, their ability to handle and drag a dummy efficiently and their ability to rely on training (such as the use of "cover"). Officers were taken individually from a classroom and asked to perform a three minute sub-maximal step-test. They were then given three pre-loaded magazines (the first with only two rounds, the second with six rounds and the third filled to capacity) and were directed to the shooting area within the "dimly lit" indoor shooting range. The officer was placed at the 10 yard line in front of "cover" and was instructed to start with the gun drawn and fixed on the target (Figure 2) . The officer was then required to fire two rounds, "combat reload" and fire four more rounds while moving from the 10 yard line to the 1.5 yard line. They were then to safely holster their weapon and perform a victim drag using a 220 lb (99.79 kg) dummy, dragging it backwards to the 10 yard line behind "cover". They were then required to fire four more rounds, using cover appropriately as the officers had been trained. Upon that final round being fired, the officer had completed the event. The event was timed from the initial facing of the target until the firing of the final round, and was recorded and reviewed by multiple Lead Firearms Instructor subject matter experts. The target was a black silhouette in the shape of an individual and shots were directed to be at the centre of mass, in accordance with an officer's training. Score was determined by number of shots on target, and within the scoring zones described above, with a maximum score of 30 points possible. Final scores were then calculated by dividing the officer's score by the maximum possible score and multiplying the result by 100 to score as a percentage. 
Positive Identification Scenario
The decisional shooting test served to evaluate the officer's ability to perceive and identify a specific target while under stress, and to identify what was and was not a viable target. The officers were placed at the 10 yard line whilst under stress, having immediately exited the shooting area from 
The decisional shooting test served to evaluate the officer's ability to perceive and identify a specific target while under stress, and to identify what was and was not a viable target. The officers were placed at the 10 yard line whilst under stress, having immediately exited the shooting area from the dynamic scenario (Figure 3 ). They were instructed that upon the facing the targets, they would be given four seconds to identify and shoot two rounds into "any backer with a number on it". The targets were set to face and edge automatically along three consecutive lanes, and when faced they showed the number "5", the letter "R" and the number "13", remaining in the same order from left to right throughout each test. The numbers and letter were drawn to cover approximately 3 4 of the surface of a standard sized blank qualification target and circled. The target was a black silhouette in the shape of an individual, and shots were to be directed at the centre of mass or head in accordance with the officers' training. Upon facing the targets, the officers were given 4 s (by means of automatic computer driven timing) to draw their guns, identify the targets and fire the required number of shots. The environment was consistent with the other two shooting scenarios, inside the law enforcement academy indoor shooting range with "dim light". As with the scoring criteria in the dynamic scenario, the score was determined by the number of shots on target and within the scoring zones, with a maximum score being six points. Final scores were then calculated by dividing the officer's score by the maximum possible scores and multiplying the result by 100 to score as a percentage. 
The decisional shooting test served to evaluate the officer's ability to perceive and identify a specific target while under stress, and to identify what was and was not a viable target. The officers were placed at the 10 yard line whilst under stress, having immediately exited the shooting area from the dynamic scenario (Figure 3 ). They were instructed that upon the facing the targets, they would be given four seconds to identify and shoot two rounds into "any backer with a number on it". The targets were set to face and edge automatically along three consecutive lanes, and when faced they showed the number "5", the letter "R" and the number "13", remaining in the same order from left to right throughout each test. The numbers and letter were drawn to cover approximately ¾ of the surface of a standard sized blank qualification target and circled. The target was a black silhouette in the shape of an individual, and shots were to be directed at the centre of mass or head in accordance with the officers' training. Upon facing the targets, the officers were given 4 seconds (by means of automatic computer driven timing) to draw their guns, identify the targets and fire the required number of shots. The environment was consistent with the other two shooting scenarios, inside the law enforcement academy indoor shooting range with "dim light". As with the scoring criteria in the dynamic scenario, the score was determined by the number of shots on target and within the scoring zones, with a maximum score being six points. Final scores were then calculated by dividing the officer's score by the maximum possible scores and multiplying the result by 100 to score as a percentage. Officers wore their standard uniform and duty load throughout all three shooting scenarios to eliminate any variability that load carriage may have on their shooting performance or their physical endurance [18, 24, 25] . The total score was calculated by adding all three final scores together and dividing the total by three.
Statistical Analysis
Data collected were provided in an excel spreadsheet prior to being imported into SPSS (version 25) for analysis. A descriptive analysis was performed on all variables to identify mean values, standard deviation and value ranges. Following this, Pearson's bivariate correlations were performed to investigate relationships between fitness measures and shooting scenarios. To investigate variations in associations between different fitness measures and shooting scenarios between officers of different skill levels, the officers were divided into a higher performing 50% (n = 17) and a lower performing 50% (n = 17) groups based on their total scores. An additional Pearson correlation was then applied to the fitness measures and shooting scores of these two groups. The strength of the correlations were considered against the scale proposed by Evans [26] .
Results

Descriptive
Data for thirty-three male officers were provided. Descriptive data for the officers and all measures are shown in Table 1 . 
Shooting
The correlation analysis (see Table 2 ) revealed no significant correlations between any of the shooting scenarios. The static shooting scenario had a correlation score of 0.314 (p = 0.075) to Scenario 1 and a correlation score of 0.281 (p = 0.113) to Scenario 2. Scenario 1 and Scenario 2 had a correlation score of 0.177 (p = 0.326). 
Fitness
The descriptive statistics of the officers' fitness measures are shown in Table 1 . There was no single fitness measures that consistently demonstrated a relationship to the officers shooting scores between the marksmanship tasks (see Table 3 ). A moderate positive significant correlation was found between the shuttle run scores and the static shooting scenario scores (r = 0.528, p = 0.002). There was also a weak negative significant relationship between Scenario 1 and grip strength (r = −0.367, p = 0.035), and a weak positive non-significant relationship between leg dynamometer strength and Scenario 2 (r = 0.344, p = 0.050). 
Discussion
This study investigated the relationships between different fitness measures and different marksmanship scenarios within a population of police officers. The different marksmanship scenarios were designed to mimic different environments that officers may face while in the field [3, 16, 20, 27] . There were varying relationships between individual fitness measures and marksmanship scenarios, with significant relationships between the shuttle run and static shooting, grip strength and the dynamic scenario, and leg/back strength and the positive identification scenario. No significant correlations were found between the three different shooting scenarios, which suggests that each marksmanship task was unique and highlights a possible lack of skill crossover, whereby performing well in one aspect of marksmanship may not translate to performing well in another event.
Fitness Measures
A significant positive correlation between the number of shuttle runs completed and the static shooting could possibly be attributed to the officers being more aerobically fit and having a lower resting heart rate. When aiming to shoot, a lower heart rate results in less body tremor than a faster heart rate [28] , suggesting that a lower resting heart rate may positively relate to shooting performance. However, there has been conflicting research regarding the influence of heart rate whilst under physical duress [11, 29] . A study by Billich et al. [11] found that shooting accuracy was negatively impacted when an officer performed an activity at an intensity near maximum heart rate; however, the officers that were least affected were those whose hobbies included endurance activities or power training. Brown et al. [29] , however, found no inverse relationship between shooting performance and heart rate when exerting officers to 80% of their maximum heart rate, and questioned if shooting performance was maintained due to their expert level within their field. A study that evaluated marksmanship saw a positive relationship between elevated heart rate and shooting accuracy prior to physical exertion, followed by a negative relationship between increased heart rate and shooting accuracy subsequent to physical activity [30] . Considering this, it may be worthwhile in future research related to this topic to include heart rate monitoring and a VO 2 max assessment to identify any possible relationships between the three scenarios and the heart rate achieved in each scenario.
Grip strength has commonly demonstrated a positive significant relationship with marksmanship in previous research within the law enforcement population [3, 22] . Conversely, this study found a significant but negative relationship to shooting performance. The mean grip strength within this study (51.82 ± 7.04 kg) was slightly lower than the fitness profile of participants in the study performed by Dawes et al. [5] (55.04 ± 7.77 kg); however, Dawes et al. [5] did not investigate relationships between grip strength and marksmanship ability. This particular study group had a higher mean grip strength than a study performed by Orr et al. [3] within a similar population (right hand: 42.15 ± 8.29 kg), who found a significant and positive relationship associated with grip strength. Orr et al. [3] did suggest, however, that a strength threshold may exist where, as grip strength increased above a given threshold, shooting scores may decrease. This has also been speculated in a study performed by Rodd et al. [21] , who found that although grip strength did positively correlate with marksmanship, some individuals with the highest grip strength scores actually demonstrated some of the poorer qualifying scores in their marksmanship assessment. A possible cause for this negative relationship between marksmanship and higher grip strength may be due to how grip strength was measured, as a typical protocol [5] has the dynamometer adjusted to hand size, whereas the width of the pistol remains extant to grip size. Hand/arm size has been found to have a significant correlation with grip strength, with larger hands being able to exert higher forces [31] . Therefore, it could be theorized that subjects with larger upper limb measurements could shoot with more accuracy, as the gripped gun would be proportionally smaller in their hands [17] . Kayihan et al. [20] also found significant correlations between wrist circumference, bicep circumference, grip strength and marksmanship. Unfortunately, no hand sizes were available for this study-this measure may be of benefit in future research.
The officers' leg dynamometer scores demonstrated a significant positive relationship with the positive identification scenario and the officers' total scores. This particular study group recorded a higher mean score (181.99 ± 29.08 kg) than the average score found when profiling male state patrol officers (170.68 ± 37.46 kg). This higher average may have improved the officers' marksmanship ability, as Hoffman et al. [32] found that decreased lower limb strength may be indicative of poorer shooting accuracy when a prone and a standing position were compared during firing. Increased lower limb strength may also reduce the amount of fatigue the officers experienced, therefore decreasing the negative effect of fatigue on marksmanship [19] .
A vertical jump measurement was used to provide an indirect measure of lower body power [5] . Although this particular study saw no significant relationship between vertical jump height and any of the shooting scenarios, it is an important fitness parameter to assess within a law enforcement population, as lower scores can indicate a higher risk of injury and possible lower fitness levels [33] . It should be noted that the average vertical jump score of the participants of this study (46.82 ± 8.85 cm) was lower than the average score found by Dawes et al. [5] (50.74 ± 8.89 cm) when profiling state patrol officers. This could suggest that this particular group had lower levels of fitness than the average law enforcement officer, and therefore would potentially be more susceptible to fatigue, which can decrease marksmanship ability [19, 25] .
Shooting
Research studies often only assess marksmanship skills via one method of testing in either a static scenario or a scenario under duress or fatigue [16, 18, 19, 27, 29, 30, 32] . A potential reason, apart from time, for only employing one shooting scenario (i.e., static or dynamic) is the contention that an officer's marksmanship skills are transferable [34] . The results of this study demonstrated that there were no significant relationships between the three different shooting scenarios. As such, officers who were good marksmen in one task were not necessarily good marksmen in the other task. Therefore, it is suggested that to improve overall marksmanship performance for in field encounters, an officer would be required to train in a diverse range of scenarios to ensure optimal performance. This lack of marksmanship skill transfer and differences in relationships between fitness measures and the different marksmanship measures may help explain the conflicting results between marksmanship ability and fitness. A number of studies [16, 18, 19, 22, 27, 29, 30, 32] have investigated relationships between measures of fitness and shooting performance. They found significant correlations-possibly suggesting that a directed training program in these fitness areas would be beneficial to marksmanship accuracy.
Conclusions
This study highlighted that different marksmanship tasks were not necessarily related, and that an officer's performance in one shooting scenario was not indicative of their performance in another. For each marksmanship scenario, a different fitness measure was a contributing factor to performance. Therefore, officers may need to be exposed to a high variety of marksmanship scenarios and a diverse level of fitness training to increase overall marksmanship accuracy. Funding: This project received no additional funding.
